Seepage detection and shallow gas distribution are used as a tool for hydrocarbon exploration around Australia. The integration of remote sensing (SAR, Landsat), seismic data (3D and 2D lines), sub-bottom profile, multi-beam, side-scan sonar, echo-sounder, sea surface fluorescence data and geochemical analyses of seabed and the water column samples was used to test a combination of tools and techniques in an area of inferred seepage on the Yampi Shelf prior deployment of tools for seepage detection and characterisation in more poorly understood regions and frontier basins, in the Arafiua Sea and Rowley Sub-basin. Active present-day hydrocarbon seepage has been imaged on the tropical carbonate Yampi Shelf, in 50 and 90 m water depth. Seepage is evidenced by gas plumes in the water column that are associated with seabed features, such as clusters of reflective blocks, hardgrounds, pockmark fields, and mounds. Seepage activity and intensity seems to vary with changes in pressure related to macro-tidal cycles. The seabed features coincide with sub-surface features such as areas of seismic signal attenuation under high amplitude reflectors, seismic discontinuities and bright spots. Hydrocarbon migration-seepage pathways appear to be controlled by the reactivation of pre-existing fractures and dykes within the basement. The experience gained during the Yampi Shelf survey was used to identify and sample locations of potential active hydrocarbon seepage in the Arafura Sea and Rowley Sub-basin. These integrated seepage surveys represent the initial work to identify new exploration opportunities and reduce risks for future petroleum exploration in these frontier regions.
INTRODUCTION
The presence of hydrocarbon seeps in near surface sediments, on the seabed or within the water column provides evidence of an active petroleum system in an offshore area. The North West Shelf (NWS) of Australia is a world class gas province with significant oil sweet spots.
Extensive palaeohydrocarbon leakage and present-day hydrocarbon seepage have been previously inferred on the northern portion of the NWS, Yampi Shelf and Timor Sea region, using seismic attribute analysis, remote sensing data sets (Synthetic Aperture Radar -SAR, Airborne Laser Fluoro sensor -ALF) and water column geochemical sniffer (O'Brien et al., 2003) . We have now directly imaged active present-day hydrocarbon seepage, in 50 and 90 m water depth, on the tropical carbonate Yampi Shelf and identified a range of features that characterise this seepage.
METHOD AND RESULTS
Remote sensing (SAR, Landsat) and seismic data (Cornea 3D, GA 2D lines on the Yampi Shelf; GA 2D and 2D Veritas NT Arafiua Basin; in the Rowley Sub-basin) were used for site selection before the surveys. In March 2004, Geoscience Australia marine survey S267 acquired multi-beam, side scan sonar (100 & 500 kHz) and sea surface fluorescence data on the Yampi shelf. The seabed and the water column were also sampled for geochemical analyses. In May 2005 and June 2006, Geoscience Australia carried out two surveys, S282 in the Arafiua Sea and SS0612006 in the Rowley Sub-basin, respectively. During these surveys, echo-sounder, side-scan sonar, multi-beam, Topaz profiler data were acquired. Sediments were also sampled by gravity cores, dredges, Smith-Mac grabs for geochemical analyses.
Active hydrocarbon seepage has been observed and characterised on the Yampi Shelf within a range of datasets providing different levels of detail ( Figure 1 ). The echo-sounder and side-scan sonar data were essential for the detection of active seepage as gas plumes in the water column. Side-scan sonar data also allowed the identification of associated seabed features. These features are generally small, such as clusters of 1-2 m reflective blocks, up to 10 m hard-grounds, and 5-20 m pockmarks at active plume vents (Rollet et al., in press.). Multibeam bathymetry data identified small-scale rises (0.5 -3 m high) in close proximity to seepage areas. Larger encrusted mounds are found above long-lived Hydrocarbon-Related Diagenetic Zones (HRDZs). Erosion around these mounds and/or active build-up from the seafloor may have enhanced their morphology.
The seabed features coincide also with sub-surface anomalies such as seismic signal starvation under high amplitude reflectors, seismic discontinuities and bright spots. Hydrocarbon migration-seepage pathways appear to be controlled by the reactivation of pre-existing basement fractures and dykes within the basement. Correlation with 2D and 3D seismic has enabled identification of possible Integration of data for seepage detection eg: Authorl, Author2 and Author3 seepage and migration features within the stratigraphic section in the substrate (modern and palaeo-HRDZs, channels, seismic discontinuities and bright spots). The seepage activity and intensity is also strongly influenced by pressure changes associated with macro-tidal cycles. Observation for active seepage was undertaken on multiple transects across the region during different phases of the tide and this showed greater activity during the low ebb spring tides.
Previously identified SAR features, interpreted as hydrocarbon slicks, did not correlate with areas of active seepage. However, mapping of bathymetric channels directly beneath these SAR slicks using multi-beam swath bathymetry, and measurement of tidal currents using an acoustic doppler current profiler, indicate that tidal current flows may have contributed to slick formation over the Yampi Shelf headland (Jones et al., 2005) .
The integration of geophysical and field data was also applied in more poorly known basins, in the Arahra Sea and RowleySub-basin. In the Arahra Sea, we have observed extensive indications for shallow gas and some fluid movement in subbottom profile data. The evidences include enhanced reflectors, acoustic blanking, mud diapirs, injectites. These sub-surface features correlate with pockmarks on the seabed and with deeper faults or tilted bedrocks in the underlying sediments identified in the conventional seismic lines across the area (Logan et al., 2006) . These correlations show some potential hydrocarbon migration pathways to the shallow subsurface layers, either along faults or bedrocks. Geochemical analyses of the sediment samples show an increase of methane and carbon dioxide concentration in the seabed sediments over pockmark fields. The methane origin is attributed to microbial activity. However, the large amount of carbon dioxide over these areas enhanced the fact of possible deeper gas saturation, of unknown origin, migrating to the seafloor and supplemented by modern microbial gas generated within the post-glacial muddy layers. In the Rowley Sub-basin, similar integrated approach allows to assess the hydrocarbon potential for a new exploration start in the area.
CONCLUSIONS
The integration of data sets is critical to map and identify seepage. Data interpreted separately can give a misleading idea of the significance of isolated seabed features. And it is only through the combination of evidences related to seepage that we can characterise seepage in relation to the surrounding environment. Shallow gas mapping and seepage detection represent the initial work to identify new exploration opportunities and reduce risks for future petroleum exploration in frontier regions.
